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INTRODUCTION

Genus Enterovirus belongs to the family Picor-

naviridae Picornavirales. Human enterovi-

ruses (HEVs) are classified into four species: 

HEV-A (coxsackie A2-8, 10, 12, 14, 16, entero-

viruses 71, 76, 89-92), HEV-B (coxsackie A9, 

coxsackie B1-6, echoviruses 1-7, 9, 11-21, 

24-27, 29-33, enteroviruses 69, 73-75, 77-88, 

93, 97, 98, 100, 101, 106, 107), HEV-C (polio-

viruses 1-3, coxsackie A1, 11, 13, 17, 19-22, 24, 

enteroviruses 95, 96, 99, 102, 104, 105, 109) and 

HEV-D (enteroviruses 68, 70, 94) [1]. HEVs 

have been associated with a wide variety of clin-

ical syndromes, from mild respiratory illness to 

severe diseases such as myocarditis, neonatal 

sepsis, type I diabetes and aseptic meningitis. 

They account for approximately 80-92% of asep-

tic meningitis cases for which the etiologic agent 

is identified [2]. Isolation of HEVs in conven-

tional cell culture (CCC), followed by identifica-

tion with indirect immunofluorescence (IFA) or 

neutralization test, is still regarded as the tradi-

tional diagnostic gold standard [2, 3]. The main 

drawback of this approach comes from the fact 

that it takes an average of 3-14 days before cyto-

pathic effect (CPE) of HEVs is detectable [4]. 

Therefore, results obtained in this way have no 

influence on the treatment of patients, but only 

enable retrospective diagnosis. This disadvan-

tage can be overcome by using the method of 

rapid antigen detection (RAD) [4, 5, 6, 7]. This 

method is based on centrifugation of inoculated 

cell cultures, which increases their sensitivity to 

the virus. In conjunction with the IFA it allows 

detection of viral antigens before the appearance 

of CPE, which significantly reduces the time 

required to obtain final results. The method is 

not standardized, thus different numbers and 

types of cells, monoclonal antibodies, proto-

cols of centrifugation and incubation are in use.

OBJECTIVE

The aim of this work was to assess the efficacy of 

RAD assay for the detection of human enterovi-

ruses in 70 clinical samples from patients with 

suspected aseptic meningitis, in comparison to 

that of CCC. Also, we wanted to identify the 

predominant HEV serotypes included in aeti-

ology of aseptic meningitis in the Autonomous 

Province of Vojvodina.

METHODS

Samples and their processing

A total of 70 samples (29 cerebrospinal fluid 

specimens, 27 stool specimens, 9 rectal swabs 

and 5 throat swabs) were obtained from paedi-
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atric patients suspected of having aseptic meningitis. Rectal 

and throat swabs were collected in viral transport medium 

(Earl’s balanced salt solution with 1% bovine serum-albu-

min, penicillin 1000 U/ml, streptomycin 1000 μg/ml and 

amphotericin B 5 μg/ml). Transport mediums and 10-20% 

suspensions of faecal samples in viral transport mediums 

were centrifuged (20 min, 600 g), filtered (pore diameter 

– 0.45 μm), and inoculated into the cell cultures. Cere-

brospinal fluid (CSF) samples were inoculated without 

prior treatment. If it was not possible to perform processing 

within 24 h of sampling, the samples were stored at -76°C.

Cell cultures

Three different continuous cell lines were used for isola-

tion of HEVs: RD (human embryonic rhabdomyosarcoma 

cells), HEp-2 (human larynx carcinoma cells) and Vero 

(African green monkey kidney cells). Cell cultures were 

in-house prepared according to the standard protocols [8]. 

Cells were 2 to 3 days old at the time of inoculation.

Conventional cell culture

One tube of each of the cell culture was inoculated with a 

sample in accordance with WHO recommended protocols 

[8]. Tubes were examined daily for the presence of CPE by 

inverted microscope for 7 days postinoculation. Cultures 

showing characteristic enterovirus CPE were subpassaged 

for confirmation, and if positive, they were marked as CPE 

positive. In absence of a CPE, two blind subpassages were 

performed before reporting the culture as CPE negative. 

The presence of HEVs in CPE positive tubes was confirmed 

using IFA. All cultures without CPE were also submitted 

to IFA testing before reporting them as definitive nega-

tive to HEVs.

Rapid antigen detection assay

Cell cultures were seeded separately in 6-well microtitre 

plates. After discarding the growth medium – Eagle’s mini-

mum essential medium with 10% FBS, they were inoc-

ulated with 100-200 μl of specimens and centrifuged at 

600 g for 60 min at 36°C as described by Lipson et al. [7]. 

After the addition of maintenance medium with 2% of 

FBS, incubation was performed for 72 h at 36°C. Then, 

regardless of the presence or absence of CPE, the cultures 

were subjected to IFA.

Indirect immunofluorescence

When about 75% of cells exhibited CPE, or at the end of the 

incubation period (for CPE negative cultures and in RAD 

assay) the cells were harvested and fixed in cold acetone 

(4°C) for 10 min. Uninfected cells were used as a nega-

tive control and cells infected with laboratory strain of 

coxsackievirus B3 served as a positive control. Staining was 

performed in accordance with the manufacturer’s instruc-

tions, using Pan-Enterovirus 2E11 reagent (Millipore-

Chemicon) which contained mouse monoclonal antibod-

ies against enteroviruses. After incubation (30 min, 37°C) 

in a humidity chamber and rinsing with phosphate-buff-

ered saline (PBS), anti-mouse immunoglobulin G FITC-

labelled conjugate (Millipore-Chemicon) was added. Slides 

were incubated (30 min, 37°C) in a humidity chamber, in 

dark, then washed with PBS and dried in air. The slides 

were examined under a fluorescence microscope (Olym-

pus BH-2) at 200x magnification. A bright apple-green 

fluorescence in the nucleus and/or cytoplasm indicated 

a positive result. The sample that gave a positive fluores-

cence signal on at least one cell type was considered a true 

positive for the presence of HEV.

Neutralization assay

Serotyping of HEV isolates was performed by neutraliza-

tion of CPE using Lim, Benyesh-Melnick (LBM) pools of 

specific antisera A to H (Statens Seruminstitut, Copenha-

gen, Denmark). These pools allowed the identification of 

42 antigenic different HEVs. Each isolate was tested against 

all antiserum pools. Equal volumes (100 μl) of isolate and 

each pool were mixed and incubated for one hour at 36°C. 

Mixtures were inoculated on cell culture tubes and incu-

bated at 37°C. Virus controls and cell controls were run 

along for comparison. The tubes were examined daily until 

the virus control showed complete CPE. Interpretation of 

the results was carried out by analyzing the pattern of inhi-

bition of CPE by the antiserum pools, according to scheme 

enclosed with the pools.

Statistical analyses

Differences in sensitivity of cell cultures in the detection of 

HEVs were tested by McNemar test. They were considered 

statistically significant when p was less than 0.05.

RESULTS

Results of CCC

Data from isolation of HEVs by CCC are summarized in 

Table 1. Out of 70 samples analyzed, 40 (57.1%) induced 

CPE. Nineteen (47.5%) positive samples produced CPE 

in only one type of cells. Eight samples were positive 

only in RD, 6 samples only in Vero, and 5 samples only 

in HEp-2 cell cultures. The differences in sensitivity to 

HEVs between cell cultures were not statistically signifi-

cant (Vero versus RD, p=1.0; Vero versus HEp-2, p=0.28; 

RD versus HEp-2, p=0.42). Detection times of HEVs by 

CCC varied within the range of 3-13 days (mean time 6.1 

days). Within 3 days after inoculation, CPE was observed 

in 19 (47.5%), and by the 7th day in 31 (77.5%) of 40 finally 
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positive samples. The remaining 9 (22.5%) samples were 

CPE positive before the end of the second passage.

Comparison of CCC and RAD assay

Results from IFA after CCC and the results of RAD assay 

are reported in Table 2. Out of 70 samples analyzed, 36 

(51.4%) were positive by IFA after CCC and 34 (48.6%) 

were positive by RAD assay. No CPE negative sample 

was IFA positive. Three CPE positive stool samples and 

one positive rectal swab failed to give a positive signal in 

IFA both after CCC and in RAD assay. Within the period 

of 3 days from inoculation (time needed for RAD) CPE 

provided only 52.7% (19/36) positive samples. Compared 

to the results of IFA after classical isolation, RAD assay had 

a 94.4% (34/36) sensitivity and 100% (34/34) specificity. 

According to the individual type of samples, the sensitivity 

of RAD assay for CFS was lower – 86.7% (13/15), compared 

to stool samples and throat swabs which amounted to 100% 

(17/17 or 4/4). No statistical differences were observed 

among cell cultures regarding the sensitivity to HEVs, 

comparing CCC and RAD assay (Vero, p=0.48; RD, p=0.25; 

HEp-2, p=0.48).

Results of neutralization test

Results of serotyping are presented in Table 3. Neutral-

ization test allowed typing 32 of 36 (88.9%) HEV isolates. 

The remaining 4 (11.1%) isolates could not be serotyped. 

Neutralization revealed the presence of 11 different HEV 

serotypes: coxsackievirus A16, coxsackievirus B3, 4 and 5, 

and echovirus 2, 4, 6, 11, 13, 16 and 30. Nineteen (52.8%) 

isolates were identified as echoviruses, 10 (27.8%) were 

from group B of coxsackievirus, and 3 (8.3%) isolates were 

typed as coxsackieviruses A16. In the present study, all 

non-typable and coxsackievirus A16 isolates were recov-

ered only on the RD cell culture, but none of the coxsackie 

B viruses was detected on this type of cells. The Vero cell 

culture proved to be more sensitive than HEp-2 cell line 

for coxsackie B virus isolation. The replication of echovi-

ruses was supported by all three cell lines without signif-

icant differences, but there were differences in sensitivi-

ties according to the particular serotype. Four echovirus 

11 isolates and the only echovirus 4 isolates were recov-

ered from all three types of cells, while there were 6 isolates 

that gave CPE only on one type of culture. Among them, 

one echovirus 2, and one echovirus 11 were isolated only 

on Vero and RD cells, respectively, while the HEp-2 cell 

culture was the only culture that supported the growth of 

echovirus 6 and echovirus 13 isolates.

Table 1. Results of isolation of HEVs by CCC

Specimen

Number of specimens CPE positive

Positive only on Total positive on Positive by day

Vero RD HEp-2 Vero RD HEp-2 3rd 7th 21st

Liquor (n=29) 2 3 1 10 9 8 6 9 15

Faeces (n=27) 2 4 3 13 13 9 11 17 20

Throat swab (n=5) 2 0 1 2 1 2 2 4 4

Rectal swab (n=9) 0 1 0 0 1 0 0 1 1

Total (n=70)
6/40 
(15%)

8/40 
(20%)

5/40 
(12.5%)

25/40 
(62.5%)

24/40 
(60.0%)

19/40 
(47.5%)

19/40 
(47.5%)

31/40 
(77.5%)

40/70 
(57.1%)

n – number of specimens analyzed; CPE – cytopathic effect

Table 2. Detection of HEVs by IFA after CCC and by RAD assay

Specimen

Number of specimens IFA positive

CCC RAD assay

Vero RD HEp-2 Total Vero RD HEp-2 Total

Liquor (n=29) 9 9 8 15 8 6 7 13

Faeces (n=27) 12 12 7 17 11 12 6 17

Throat swab (n=5) 2 1 2 4 2 1 2 4

Rectal swab (n=9) 0 0 0 0 0 0 0 0

Total (n=70) 23 (63.9%) 22 (61.1%) 17 (47.2%) 36 (51.4%) 21 (61.8%) 19 (55.9%) 16 (47.0%) 34 (48.6%)

n – number of specimens analyzed; CCC – conventional cell culture; RAD assay – rapid antigen detection assay; IFA – indirect immunofluorescence

Table 3. Enterovirus types detected by CCC according to cell culture 
and by RAD assay

Enterovirus
type

Number of specimens positive

CCC RAD 
assayVero RD HEp-2 Total

CV-A16 0 3 0 3 3

CV-B3 2 0 1 2 2

CV-B4 2 0 2 2 2

CV-B5 6 0 2 6 5

ECV 2 2 1 0 2 2

ECV 4 1 1 1 1 0

ECV 6 0 0 4 4 4

ECV 11 4 5 4 5 5

ECV 13 0 0 1 1 1

ECV 16 4 4 0 4 4

ECV 30 0 2 2 2 2

NT 0 4 0 4 4

Total 21 20 17 36 34

CV-A – coxsackievirus A; CV-B – coxsackievirus B; ECV – echovirus; NT – not 
typeable
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DISCUSION

There is still no consensus concerning the optimal combi-

nation of cell cultures for the isolation of HEVs. The results 

of this study confirmed that Vero cell culture is not suffi-

cient for the isolation of all HEVs and that the use of multi-

ple cell lines increases their recovery. A significant number 

(47.5%) of positive samples CPE was found in only one 

type of cells. The use of two cell cultures alone would 

have resulted in the failure to detect from 12.5% (without 

HEp-2) up to 20% (without RD) of positive samples. Simi-

lar to this finding, She et al. [9] reported that 52.6% of 1047 

HEV isolates were recovered from only one out of five cell 

lines used. In the study conducted by Lin et al. [10] as much 

as 91% of 238 HEV isolates grew in only one of the four 

different cell lines. In this work, cell cultures did not show 

significant differences in sensitivity to HEVs. Concerning 

the sensitivity of cell lines to HEVs, data from previous 

studies are not consistent because individual serotypes have 

different seasonal and geographic patterns of circulation 

and differ in ability to replicate in various cell types [11].

Out of 40 CPE positive samples, 4 failed to give positive 

signal in IFA. This may be due to the fact that the monoclo-

nal antibodies from 2E11 reagent had been prepared using 

the prototype strains, thus maybe they could not detect all 

antigenic variants or possibly new types of HEVs. The sensi-

tivity and specificity for the RAD assay versus IFA after clas-

sical isolation were 94.4% (34/36) and 100% (34/34), respec-

tively. Two samples of CSF gave positive IFA signal after 

CCC, but were negative by the RAD assay. This is proba-

bly due to low amounts of virus present in these samples. A 

longer incubation period during the classical isolation gave 

viruses the ability to multiply and produce CPE. However, 

three days of incubation in the RAD assay were too short for 

the production of a sufficient number of viral particles with 

antigens that could be proven by IFA. Good correlations 

of 94% and 100% of rapid and conventional culture were 

reported previously by Perez-Ruiz et al. [2] and Terletskaia-

Ladwig et al. [4], respectively. Out of 36 specimens posi-

tive within 3 days by the RAD assay, CPE provided only 19 

(52.7%) in the same period of time. Previous studies also 

demonstrated a significant advantage of rapid methods for 

HEVs detection within 3 days after inoculation over clas-

sical isolation. When comparing the results from different 

studies, the influence of type of the sample, serotype of HEV, 

assay performances (duration of incubation, efficacies of 

monoclonal antibodies, etc.) should be considered. Lipson 

et al. [7] reported that centrifugation-enhanced antigen 

detection assay with 2E11 monoclonal antibodies, attained 

a sensitivity of 73% (37/51) and 92% (47/51) after 3 and 5 

days postinoculation, respectively. On the 3rd and 5th day of 

incubation, classical isolation attained a sensitivity of only 

23% (12/51) and 52% (27/51), respectively. Klespies et al. 

[5] detected 93% (40/43) of the positive samples by spin-

amplified shell vial IFA assay with blend of 2E11 and 9D5 

monoclonal antibodies (Milipore-Chemicon) within 3 days 

of incubation, and 51% (22/43) of them by CCC in the same 

period of time. In a study conducted by Van Doornum and 

De Jong [6] the proportion of specimens positive for HEVs 

by rapid shell vial culture assay with 5-D8/1 monoclonal 

antibodies (DAKO) after 2 to 3 days of incubation was 57% 

(55/74), while 34% (25/74) of positive specimens showed a 

CPE until the 3rd day from inoculation.

In this study the neutralization test failed to identify 4 

(11.1%) isolates which is a common situation in a number 

of studies [3, 12]. This may be due to the lack of homologue 

antisera or the presence of multiple serotypes, aggregations 

of virions, prime-strains or new serotype in these samples. 

Our results confirmed the importance of HEVs as the etio-

logical agents of aseptic meningitis and indicated the sero-

types associated with this disease in our Province. The most 

prevalent HEV serotypes were echoviruses (52.8%), which 

have been described as the most common etiological agents 

of aseptic meningitis, causing outbreaks and sporadic cases 

worldwide [13, 14]. Less numerous were the isolates from 

the group B of coxsackieviruses (27.8%), which are also well 

known as causative agents of meningitis [10, 15]. From the 

group A of coxsackieviruses only serotypes A16 were identi-

fied in three specimens (8.3%). It should be mentioned that 

LBM antiserum pools allowed the detection of only three 

coxsackie A serotypes: 7, 9 and 16. Although coxsackie A16 

is usually associated with hand, foot and mouth diseases, 

sporadic cases of meningitis caused by this type have also 

been reported [10, 16]. Data from previous studies regard-

ing the sensitivity of cell cultures to different HEV sero-

types are often contradictory. The type of circulating HEV 

influence isolation from cell culture, and type distribution 

varies from season to season [11]. Van Loon et al. [17] have 

conducted the quality assessment of methods for the isola-

tion and identification of HEVs in 11 laboratories. With few 

exceptions, it was not possible to find a clear pattern with 

regard to the sensitivity of certain cells to a particular sero-

type. Some serotypes gave positive CPE on one cell culture 

in one laboratory and a negative result on the same type of 

cells in another. In the present study, coxsackievirus A16 

isolates were isolated only on the RD cell culture, but none 

of coxsackie B viruses was detected on this type of cells. 

This finding agrees with the results from previous stud-

ies according to which the RD cell line is generally consid-

ered as the culture of choice for the isolation of coxsackie 

A viruses [4, 9, 11, 18]. It has been reported that coxsackie 

B viruses replicate poorly on RD cells [9, 19]. They grow 

better on Vero and HEp-2 cell cultures [12, 19]. In our study, 

there was no significant difference in the number of echovi-

ruses isolated from three cell cultures. The results obtained 

in previous studies indicate that the RD cell line is suscep-

tible to most types of echoviruses [3, 12], but some sero-

types replicate in HEp-2 [10, 20] and Vero cells also [21].

More than 90% of cases of viral meningitis are associated 

with HEVs [14]. Unlike bacterial and herpes virus menin-

gitis, HEV meningitis is generally a benign disease which 

resolves within a few days. Rapid diagnosis of HEV menin-

gitis improves the management of patients by reducing 

the unnecessary use of antibiotics, anti-herpes virus drugs 

and the cost in clinical practice. Our findings suggest that 

the RAD assay with Vero, HEp-2 and RD cell cultures in 

combination with immunostaining with 2E11 monoclo-

nal antibodies 72 h after inoculation period was effective 
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in the detection of HEVs in clinical samples in our labo-

ratory. It attained a slightly lower sensitivity (94.4%) than 

CCC, and turnaround time was significantly reduced from 

an average of 6.1 to 3 days. Recently, laboratory diagno-

sis of viral infections by molecular methods has become 

more and more important [22, 23]. Although the real-time 

RT-PCR has been demonstrated to be the most sensitive 

and fastest method for the diagnosis of enterovirosis [4, 

20], molecular techniques are not yet available to all labo-

ratories. Their introduction into the routine laboratory 

setting requires expensive equipment, special technology 

and trained personnel [18]. In many virologic laborato-

ries cell culture is still used as the primary method for the 

diagnosis of HEV infections [9, 10, 18, 19]. It offers the 

ability to type HEV isolates using IFA or neutralization 

test. Although serotyping has no influence on the clini-

cal management of patients, it enables identification of 

circulating virus types, types responsible for an outbreak 

and monitoring of changes in virulence and the epidemic 

potential of HEV types. Molecular typing of HEVs is possi-

ble, but not widely or commercially available [3, 9]. Diag-

nostic RT-PCR assays commonly used are based on the 

amplification of the highly conserved 5’ non-coding region 

of the HEV genome. These assays are sensitive and able to 

detect enterovirus strains that do not grow in conventional 

cell cultures, but they do not allow identification of the 

detected viruses beyond the genus level [3, 11, 15]. Sero-

type specific sequences are situated in the VP1 coding part 

of the genome, so the RT-PCR and sequencing of the VP1 

- encoding gene is applicable for virus typing [13, 15, 23]. 

However, these assays usually require a cell culture prior 

to extraction due to a lack of sensitivity [11, 15]. Until a 

reliable and sensitive nucleic acid-based typing method 

is commercially available, cell culture will remain neces-

sary for epidemiological purposes. A good alternative for 

the molecular methods in the diagnosis of HEV menin-

gitis is the method of rapid detection of viral antigens, 

which represents a significant advance over traditional 

isolation [2, 4, 7].

CONCLUSION

The results of this study have confirmed that HEVs are 

important etiological agents of aseptic meningitis and can 

indicate the serotypes associated with this disease in our 

Province. The RAD assay with Vero, HEp-2 and RD cell 

cultures in combination with immunostaining with 2E11 

monoclonal antibodies 72 h after the inoculation period 

was slightly less sensitive than CCC and significantly short-

ened the detection time of enteroviruses; thus, it may be 

useful in a rapid diagnosis of enteroviral meningitis.
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КРАТАК САДРЖАЈ
Увод Ху ма ни ен те ро ви ру си су нај че шћи ети о ло шки аген си 
асеп тич ног ме нин ги ти са. Бр зо ди јаг но сти ко ва ње асеп тич-
них ме нин ги ти са има ве ли ки ути цај на ле че ње бо ле сни ка.
Циљ ра да Циљ ра да био је да се ис пи та ефи ка сност те ста за 
бр зо от кри ва ње ан ти ге на у до ка зи ва њу ен те ро ви ру са у по-
ре ђе њу с кон вен ци о нал ном изо ла ци јом на ће лиј ским кул-
ту ра ма и од ре де се ро ти по ви ко ји су у ве зи са слу ча је ви ма 
асеп тич ног ме нин ги ти са на под руч ју Вој во ди не.
Ме то де ра да Тест за бр зо от кри ва ње ан ти ге на из ве ден је 
цен три фу ги ра њем ино ку ли са них Ve ro, RD и HEp-2 ће лиј ских 
кул ту ра и ин ди рект ном иму но флу о ре сцен ци јом са ре а ген-
сом Pan-En te ro vi rus 2E11 (Mil li po re-Che mi con). Кон вен ци о нал-
на изо ла ци ја је из ве де на упо тре бом истих вр ста ће ли ја и 
истог иму но флу о ре сцент ног ре а ген са за до ка зи ва ње ен-
те ро ви ру са.
Ре зул та ти Од 70 ана ли зи ра них узо ра ка (29 узо ра ка це ре-
бро спи нал не теч но сти, 27 узо ра ка фе це са, де вет рек тал них 

бри се ва и пет бри се ва гр ла), 36 (51,4%) је би ло по зи тив но у 
иму но флу о ре сцен ци ји на кон кон вен ци о нал не изо ла ци је, 
док су 34 узор ка (48,6%) би ла по зи тив на на кон те ста за бр зо 
от кри ва ње ан ти ге на. Осе тљи вост ово га те ста би ла је 94,4%, 
а спе ци фич ност 100%. Вре ме по треб но за от кри ва ње ен те-
ро ви ру са овим те стом би ло је три да на, а у кон вен ци о нал-
ној изо ла ци ји из ме ђу три и три на ест да на (про сеч но 6,1 дан). 
То ком 72 ча са од ино ку ла ци је ци то па то ге ни ефе кат (ЦПЕ) се 
ја вио са мо код 19 (47,5 %) од 40 ЦПЕ-по зи тив них узо ра ка. Се-
ро ти пи за ци јом је от кри ве но 11 ти по ва ен те ро ви ру са: кок-
са ки ви рус А16, Б3, Б4 и Б5 и ехо ви рус 2, 4, 6, 11, 13, 16 и 30.
За кљу чак Тест за бр зо от кри ва ње ан ти ге на био је не знат но 
ма ње осе тљив од кон вен ци о нал не изо ла ци је на ће лиј ским 
кул ту ра ма и зна чај но је скра тио вре ме по треб но за до ка зи-
ва ње ен те ро ви ру са, те мо же би ти ко ри стан у бр зој ди јаг но-
сти ци ен те ро ви ру сних ме нин ги ти са.
Кључ не ре чи: ен те ро ви рус; асеп тич ни ме нин ги тис; кул ту-
ра ће ли ја

Доказивање ентеровируса у клиничким узорцима болесника са 
асептичним менингитисом тестом за брзо откривање антигена
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